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The intriguing structure and reactivity of the enediyne
antitumor antibiotics has captured the intense attention of
chemists and biochemists for the past several years.! Two
reaction classes have been found to be important for the
generation of highly reactive intermediates under mild condi-
tions: the cycloaromatization of 1,5-diyne-3-enes (A) giving
1,4-dehydrobenzene diradical intermediates (Scheme 1, reaction
a, first studied by Bergman® and employed by such agents as
calicheamicin) and the cycloaromatization of 1-yne-3-ene-5-
cumulenes (such as B) giving o,3-dehydrotoluene species
(reaction b, studied by Myers and others® and occuring in
neocarzinostatin).

Unless packaged in a strained cyclic structure, enediynes
require substantial heating to effect cycloaromatization at a rapid
rate,* whereas simple allene-ene-ynes often undergo o,7-
diradical generating ring closure more rapidly.>® The well-
known synthesis of vinylidene complexes from terminal alkynes®
(C, Scheme 1) offers an interesting means for transforming the
former type of reaction into the latter. Here we report the first
example of such a process. The rate of cycloaromatization of
a vinylidene-ene-yne is found to be substantially faster than that
of its precursor enediyne and is sensitive to the size of the metal
fragment.

Diyne 1, prepared by the method of Grissom and co-workers,’
was easily converted to the air-stable vinylidene complex 2 by
treatment with CpRu(PMe;),C1® and NH4PFs in methanol
solution (Scheme 2).° Saturation of the PMe; NMR resonances
of 2 resulted in strong NOE enhancement of the vinylidene and
aromatic C—H signals and not those of the methylene bridge
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between olefin and alkyne functionalities.” Thus, it is likely
that the molecule preferentially adopts conformations in which
the alkyne moiety points away from the large ruthenium center.

When complex 2 is heated to 100 °C for 4—6 h in a 1:3
(v/v) mixture of 1,4-cyclohexadiene and acetonitrile, or in THF
without cyclohexadiene, followed by evaporation of volatile
components and chromatography, 3 is isolated in 50—70% yield
(Scheme 2).° Naphthalene 3 is the same molecule!? obtained
by Grissom and co-workers in high yield upon the thermolysis
of 1 at 190 °C for 4.5 h in the presence of 1,4-cyclohexadiene,
resulting from tandem bis— and mono-radical cyclizations.” In
the absence of 1,4-cyclohexadiene, both 1 (at 190 °C)7!?2 and
2 (at 100 °C) decompose to uncharacterized products that do
not include substantial quantities of 3.

The reactions of 1 and 2 in the presence of 15 equiv of 1,4-
cyclohexadiene-3,3,6,6-d; were examined by 'H and 2H NMR
to probe the cycloaromatization mechanism. As shown in
Scheme 2, in the absence of ruthenium, 1 provides incorporation
of deuterium at positions 4 (7.71 ppm, ~80% D) and 14 (2.81
and 2.40 ppm, ~50% each), as expected. Complex 2 gives the
same labeling at C14, but shows approximately equal (and
incomplete) deuterium incorporation at aromatic positions 3 and
4 (~30% each)!!

A mechanism that is consistent with the incorporation of
deuterium at C3 is shown in Scheme 3. Heating of complex 2
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allows the desired rotameric conformation (2-rot) to be achieved
for cycloaromatization to diradical 4. This step appears to be
rate-limiting, as the sterically less encumbered 1,2-bis(dimeth-
ylphosphino)ethane (dmpe) analogue undergoes cycloaromati-
zation in the same manner (and affording the same deuterated
products) as 2, but at 60 °C (8—12 h) instead of 100 °C.°
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Cp resonances at 4.7 ppm (major) and 5.0 ppm (minor) in the NMR
spectrum of the reaction mixture, both of which are in the range
characteristic of [CpRu(PMes)(L)]* species.

Communications to the Editor

Radical cyclization of 4 to give the five-membered ring of §
should be fast.”!? Trapping of both carbon- and metal-centered
radicals of § can occur (in either order) to give ruthenium(IV)
hydride 6, which is expected to undergo reductive elimination
to give 3 and [CpRu(PMes),(CH;CN)]*.!3 The putative libera-
tion of the same cationic ruthenium complex that is used to
prepare 2 from 1 suggests that a catalytic cycle should be
feasible, but this has not yet been accomplished.!*

Incorporation of deuterium at C4 in the thermal decomposi-
tion of 2 could arise from the liberation of enediyne 1 upon
heating, since vinylidene formation is known to be reversible.!3
However, in the absence of ruthenium, as expected,”'2 1 is
unchanged under conditions identical to those in which 2 was
found to undergo complete reaction (CDsCN at 100 °C).
Therefore, if 1 is an intermediate in the formation of 3-4,14-d,
from 2, its cycloaromatization may be mediated by a ruthenium
species in a way that does not involve the vinylidene moiety.

These observations document the first case of participation
of a metal fragment in a radical-generating cycloaromatization
process, offering new opportunities for control of reaction rates
and product structures, which are issues of both mechanistic
and practical interest.! ™
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